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Pursuant to Category: Il.B.2.b

Title of Study: Chronic Benzene Toxicology
Name of Chemical: Benzene
CAS#: 71-43-2

Summary: Rodents exposed chronically to benzene exhibited lymphoma, leukemia and other blood
changes.
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Fred Marashi
Phillips Petroleum Company
13 D2 PB
Bartlesville, OK 74004
Phone: 918/661-8153
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The razionale of this study was to develop sultable
animal mclels for bentene-induzed hematopolietic toxicity,
The s:udy was ecsentially diviied inzo three sections or
phases. Phase I was a comprehensive literature review which

served s a basis for the direction of research and which

was summarized in a monograph. Phase II included the toxicity

studies oI inhaled benzene and was divicded into three areas.
Area A was concerned with the inhalation protocols and
peripheral blood cell monitoring. Area B dealt with the

evaluation of hematological responses other than peripheral

cell counts. 3*rea C concerned the effects of benzene exposure

on proliferating blovd cell s-=c:irsors as reflected by
changes 'in bore marrow cytogenetics and colony forming
akbilities. Phase III dealt wi=h the study of the metabolism
of benzene whicn was Investigated through pharmacokinetic

technicues.

Phase I - Literature Review
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Over 1000 pertinent arti

and catalogued. A monograph basaé on this review was publish-

ed in November, 1977 as a supplement to the Journal of

Toxicology and Environmental Health. -
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Area A

Cxzosures were sformad In identical inhalation units
(1.6:.3 tctal veolume). Chamb acmesczheres
every C.5 hours or 12 times cduring the daily runs., For most

studies treated animals received either 300 ppm or 100 ppm
benzenes wvapor for 6 hr/d x 5 d/wk x life. Air sham controls
were axpcsed analogously to f£iltered, conditicned air. When

not in the inhalation units ra:ts were housed :two to a cage

and Zed food and water 2d libitum. Mice were housed five to

a cage in polycarbonate boxes and allcwed food and water ad
libitum. Animals received neither food nor water during
exposures. The numbers of animals used in each study and
calculated mecizan lifespans a-= shown in Table 1.

Animals were usually bleé (by tail clipping) biweekly
for determination of peripheral cell responses. Oxly males
were used in order to avoid anomolous white counts due to
estrus. Test and correspending air sham animals were bled
within one hour by the same individval in order to minimize
differences in white counts due to handling, circadian
rhythm, etc. Routinely, red biood counts, white blood
counts and differential white blood ccunts were determined
on all animals, but other parameters were fregquently investi-
cated including hematocrit, hermoglobin and reticulocyte

levels.
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venzene was completed at 99 weexs with the death of the last
test animal. These animals received up to 463 exposures
over the 691 days of the study at an integratced mean concen-
tration of 301 ppm. The calculated median lifespan of the
tes+t animals was 59 weeks versus 73 weeks for the controls
(Table 1). Test animals first showed weight depression when ' A
compared with éontrols at 30 weexs, aﬁd this trend continued
throughout the study although weight differences were never A
greater than two standard erxrars (:2Sx).

The acguisition of blood data was suspended after one
year of exposurs due to advancing mortality in test rats.
Blood counts perform -l during lhe first year demonstrated
that benzene induced significant (:ZSX) leukopenia in test
rats and that this leui'zzenia was due to a selective decrease

in lymphocyte levels (Figure 1). Red cell counts for the

first exposure year csuggested a trend

0 anemia in test

ra*ts, however, differences in red cell levels between test

¢nd control animals were

not as striking as differences in

white cell levels (Table 2). An evalu

¢}
=

red cell da<a shows that test animals

controls in 69% (26/38) of the counts

expesure year. Consistent with the re

taticon of the weekly

rad 1l: er counts than

v

taxen during ¢

d cell counts,
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hemato-

crit and hemoglobin determinations showed no differences

between test and control animels.




Evaluation of tissue sections revealed hemosiderin
pigments in 42% of the spleens taken from test rats as
opposed to 18% in the spleens of control animals. These ‘
results were shown not to be significant, however, at the P i
= 0.05 level by X2 analysis. Fatty changes appeared in 77% ;
of the bone marrows of test animals versus 42% for controls. !
Evaluation by X2 showed these results to be significant at p
= 0.05. .No pathological differences were observed in the

other organs studied.

ZKR Mice at 300 pom

Tne chronic exposure of AKR/J mice to 300 ppm benzene
was completaed zZzer %8 wa2exe with the death of the last test
animal. Treate:z mi:é.re:eived up to 123 exprsures over the
181 dayé of the study at an integrated mean benzene concen-
tration of 301 pgm.

Treated mice exhibited a median survival time of 17
weeks compared with a median survival time of 47 weeks for

controls (Table 1). Weight data taken during the exposure

showed severe weight loss for the treated versus the untreated

mice (Takble 3).

The moni:oring'of blood parameters was susperded after
92 days because of high mortality in the test mice. The
blood data demonstrated that benzene induced severe lympho-
cytopenia in the exposed animals (Figure 2) but that these

animals still retained an ability to produce granulocytes




became significant (22S_) at 37 davs exsosure (Table 4).
EviZence of malignant lymphoma was £c- .d in tissue
sectioned from 91% cf the control mice but in only 2% of the
exposed mice. The RKR strain spontzaneously develops lymphoid
leukemia at an incidence of 85-93%. The very low lymphoma

incidence in tresated mice was dues t0o the severe rate of
mortality induced by the exposura. The first lymphoma
appeared after 6 months in the untreated mice whereas the
median survival for treated mice was only 4 months.

Hemosiderin pigments were found in spleens taken from
25% of the trezzed ﬁiEe while nc pigment was detected in
cont:olhmice. Chi sguare analwsis showed these differerices
to be significant at the p < 0.001 level.

Borne marrow hypoplasia was exhibited bv B8l% of the
exposed mice but by only 6% of the controls. This, also,
was found to be significant &t the p < 0.00l level by X2
analysis. Several test mice exhibited bone marrcw hypoplasia
of such severe prcpeortions that only isolated nests of
hematopoietic tissue were pressni in an otherwise empty

marrow.

C-57 Bl Mice at 300 pom

The chronic exposure to C-37 21 mice was completed

after 488 days with the death of the last test animal.
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During the exposure period, test mice received 231 RMpoOsSuUres

at an integrated mean concentration of 300 ppm.

Treated mice exhibited a median survival time of 49
weeks versus 83 weeks for con:irols (Tazble 1) and chowed
welght cain depression relative to controls throughout the
study.

\wegulsition of peripheral blood éata was suspended
after €1 weeks due to advancing mortalify in test mice.

Test mice exhibited statistically significant lympho-
cytopenia and anemia relative to controls after one exposure
week and this trend continued throughout the course of the
study (Table 5). Granuleccytosis was evident in “est mice
vis a vis contrcls after 17 weeks and was statistically
significant duri-ny mgst oI thz remainder of the exposure

Table 5).

Malignant lymphoma was detected in 9/40 treated animals
but in only 2/40 controls. This is a statistically signifi-
cant increase in the treated animals at the p < 0.05 leval
as shown by XZ analysis. Because C-537 Bl mice carry a

‘s . . . . 2 ., . <
radiation-inducible lymphoma virus,“ the observed increased

[o8

ncidence of lymphoma may indicate sizilar modes of ac+tion
for benzene and ionizing radiation. Six of the tes:t mice
presented hypoplastic bone marrow. Fcur of these were
associated with malignant lyvmohoma. o control mice gave

evidence of bone marrow hycoplasia.
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Of +those test animalz that did not show evidonze ©

malignant lymphoma, 12/31 exhibited bene marrow hyperplacsia
and 15/31 exhibited spleen hyvperplasia. These compared with
no cases of bone marrow hyperplasia and 2/38 cases of spleen

hyperplasia in the controls.

Charles River CD-1 Mice at 30C opm

The exposure of CD-1 mice to 300 pom benzene ended
after 222 days. with the development of two cases of myelogenous
levkemia. Curing the exposure period animals received 149 .
exposures a2t an integrated mean benzene concentration of 300
opm. At the time exposure was suspended, 9 test animals ’
remained alive. The last of these animals died 8 weeks i
later. v . :

The calculated median survival time was 31 weeks for
treated animals and 50 weeks for controls {(Table 1). Treated
animals showed a decreased rate of weight gain relative to
controls throughout the exposure but the largest differences
were noted from the twenty-eighth week onward.

The blood data presented below was compiled from all
test and control animals with the exception of the two
treated animals with myelogenous leukemia.

Treated animials exhibited statistically significant
lymphocytopenia and anemia after one exposure week and this
trend continued throughout the course of the study (Figures

4 and 5). At 25 weeks, treated mice bagan showing a steadily
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until the end of the study (Figqure 4).
Histological evaluation of all animazls is not yet
cemplete, however, a summary of the findings for three mice

resenting hematological and histological profiles of note

io)

is given below.

A mouse dying after 130 exposure showed a white count

W

in excess of 160,000/mm (control=12,000/mm3)~ The peripheral
smear showed a preponderance cf granulocytes shifted to the
left. Bone marrow, spleen and liver sections were perfused
with myeloid cells and there was infiltration by these cells
into the muscle and connective tissue surrounding the bone.
Death was ascrizsd to chrenic myelogenous leukemia.

A second mouse g;in; aiter 139 exposures showed a
normal white count of ll,OOO/mm3 but 30% of the cells were
blasts. ther cells in the peripheral smear were granulocytic
types shifted to the left. Masses of cells were observed
replacing normal architecture in bone marrow and spleen.
These cells were a mononuclear type of varying sizes and
appeared to mature towards the granulocytic series. Death
was ascribed to acute myelogenous leukemia. Originally
there was some doubt as to the nature of the proliferating
cell type in this case. The peripheral cell morphology
could have been consistent with either stem cell leukemia or

acute myelogenous leukemia. Since there is a 4% spontaneous

incidence of stem cell leukemia associated with these mice,3

-




trhe guestion of cell type as it concerns benicne exposure

was c-usial. Review of pertinent slides by Drs. Arthur

Uptcn and Albert Jonas (see enclosures) seems to conilizm the
nyeloid neture of the proliferzting cell. Dr. Jonas' diagnesis
is parcicularly ccmpelling since he has, to our knowledge,
reviewed %he largest colony oI these animals.

In adéition to the above cases, a CD-1 mouse dying
after 222 exposurses showed alternating elevataed and normal
white ccunts during successive monitorings. The peripheral
smears showed granulocytes shifted to the left. The bone
marrow was perfused with granulocytic cells and contained
few other myelopoietic cell tvoes. There was no invasion by
these cells intz the periphe:al recions. however, ncr was
there any indiczzion bf ec-ozlz ¢cranulopoiesis. For this
reason, the animal was diagroseé with granulocytic hyperplasia

which could be considered a pre-ayelogenous leukemic state.

AXR Mice at 100 pom

The chronic exposure study of these mice to 100 ppm

U

znzene ended after 305 days with the death of the last test

P

n

m

mal. Treated mice received 237 exposures at zan integrated
mean benzene concentration cf 132 ospm. There appeared to be
no differences between tes. and control mice in median
survival or in rate of weight cain (Table 1).

Hematological monitoring was suspended after 37 weeks

due to advancing mortality in test mice. Statistically




controls after cne exposure weex and this trend continucd
th:o:;houﬁ the exposure. Lymphocyte depressions, however,
were not as severe as those observed in the 300 ponm study
ith these animals (Table §). Red cell levels of zreated
animals were depressed relative to controls and these de-
L-essions were statistjcally significant (:2sx) for 9/20
menitorings (Table 6). Test micz showed a trend to granulo-
cytosis throuchout the exposure, however granulocyte levels

were elevated by statistically significant amounts in only

3/20 monitorings.

Histological evaluation rezvealed few differences between

test and contr:sl xniqgls. Malignant lymphoma was confirmed
in 2¢/49 treates animéls and in 24/50 controls. The average
lifespan of treated animals dving with malignant lymphoma
was 247 days. The average lifespan fcr controls was 226
days. Bone marrow hypoplasia was fourd in 11 treated mice
(22%) but in onlv one control. This compares with an 81s
inciéence of bone marrow hypoolasia fcund in these animals

at 300 ppm.

Sorague-Dawlev Rats at 100 pom

The chronic exposure of these ra<s at 100 ppm is in
progress with seventeen treated aninals and nine controls
still alive. Treated animals have received 428 exposurses
over 638 days at an integrate-” mean henzene concentraczion of

100 ppm.
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Pecrizgheral blood data indicates a trend in &sraated
animals teoward anemia andé lymwphocytopenia, however, *he

cififerences bteiween Lest and cocntrol arn‘mals in red cell! arnd

lymphocyte levels has been rarely statistically significant
(£2s_) (Table 7}.

Histological evaluvation of rats dying during the study
has cormenced. Crne treated rat has died with a confirmed
chronic myelogenous leukemia. Cetails of the histological
and hematological evaluation are as follows. The animal
died after 233 exposures to 100 prm benzene and showed a
progressively increasing white count for several months
before succumbing. The white count eventually rose to
greater than 322,000/pm3 (ccnt::l=10,000/m3). The peripheral
smears showed =arked increases in cranulocyvtes shifted to
the lefﬁ. There was severe splenomegaly accompanied by an
infarct which was visible at necropsy. The bone marrow was
green and contained unsegmernted granulocytes infiltrating
into the periosteal regions. The liver, sgleen, lymph
nodes, and kidneys were perfuseéd with myelcpoietic elements.
Death was ascribed to chronic mvelogenous leukemia.

With the develozment of this case 0f chronic mvelogenous
leukemia, all treated and con:tirol rats have been screened
monthly for hematologic a2bnormalities. To date, no control
animals have presented signs consistent with leukemia. A
second test rat has shown signs which may be consistent with

the early stages c¢Z chronic myelogenous leukemia. White
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. 3 . .
counts have reached in excess of 100,000/mm~ and a shif: to
the left has been observed. This animal now undercoes

weekly hematologic monitoring.

Area B

Rats at 300 pom

Because the red cell count data were egquivocal for
these animals at 300 ppm and because circulating cell counts
are not necessarily good indicators of bone marrow toxicity,
several additional red cell parameters were investigated at
various times during the course of the chronic exposure.

lactic dehydrogenase levels were monitored p2riodically
from the twentizth week of exposure. Elevated levels were
found in the tez: animals +whan compared with controls ard
the higﬁer levels were significant (iZSxJ for assavs perfcrmed
on the twenty-first, twenty-second and twenty-seventh weeks
(Table 8). Assays performed supsequent to the twenty-
seventh week still showed elevated levals for test animals,
however, control animals also showed increased LDH levels.

Red cell osmotic fragility was determined during the
eighteenth, twenty-ninth and thirty-first weeks of exposure.
Initially test animals showed slightly increased fragility

at 0.35% saline. Subsequent determinations, however, shcwed

no significant difference between test and control animals. 0

Red cell glutathione levels assayed on the fifteenth

and seventeenth week of exposure showed no significant
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Giffarances between fest and control animals nor d4id red

cell acesylcholinesterase levels mcnitored during

AKR Mlice a2t 300 pom and 100 pem

T
T
1]

twenty-

Sinzz lactic acid dehvdrogenase levels were found to be
Y g

elevatad 2t times during the exposure of Sprague-Dawley rats

to 300 ppm benzene, it was decided to modify L.D.H. procecdures

so that +his parameter could be followed during the exposure

f AXR mice to 300 ppm and 100 pcm benzene vapor.

cant differences were found in the L.D.H.

contrcl animals at either exposure level.

levels of test and

Red cell gluta-

thione levels were lower in test nice exposed to 300 ppm,

rowever this decrszse seemed to parallel

the red blocd cell

@rop found in test animals and therefore may not have beexn

due to decreased production of glutathione.

Area C

AKR Mice at 30C »om and 100 pom

Cytogenetic analyses were performed

ih

rcm AKR mice exposeZ2 to 300 pom benzene

on femoral cells

ard Irom air controls.

Assayvs were taken regularly until the ninety-third exposure

0.

day. The results are summarize

in Table 9.

The mitotic rate was lower in benzene-treated mice

except for the last three data polints. The number of euploid

cells was higher in the ccntrols at each

point in the study.

No signifi-
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In the latter half of the study a

y

ter fi:ve weeks of exposure,
there were more breaks observed in trezted than in untreated
animals. Although the direction of change was the same, a
statistically significant increment within the animal pairs
was cnly seen at 38 and 93 days (p ¢ 0.05). Almost all

breaks were ogen chromatid or chromoscme breaks with the

n gecographic proximity to the parent chromosome,

[on

distal piece
but with distal and lateral displacement. The breaks essen-
tially followed the expected distribution for Poisson events
with well cver 90% of the cells in each series having only a
single break.
A successiul bone marrow cloning technigue was developed

using C-57 Bl and AKR mouse marrow cells. This procedure
was applied on = :egﬁiar basis zo femoral marrow cells taken
from AKé mice exposed to 100 ppm benzene. Although an
initial depression in the number of colonies formed from
benzene treated mice was noted, subsecuent assavs showed no

ifferences in colory forming ability or cellularity (Table

10).

Phase III

Techniques were developed durinz the course of these
studies for the determinaticn of kerzene in blood and tissue.
Application of these techniques demonstrated that benzene

concentrates in the bone marrow during a single 6 hr exposure

(Table 11). 1In addition, the results indicated a correlation

7,8
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batween various tissue concentrations and atmospheric concen-
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Pharmacokinetic analyses were performed on the time-
ccurses oI benzene in the blood of animals exposed to benzene
vapor. Because ol the extreme cdifferences in hematological
respeonses elicited from Sprague-Dawley rats and AXR mice
expcsed o given levels of benzene, these animals were

chosen &s models for this study. Animals were given .20

n

exposures to either 300 ppm or 100 ppm kenzene and pharmaco-
kinetic znalyses were performed after the first, sixth and
twentieth exposures. Results show that the mize eliminated
bsnzerne faster than the rats for a given atmospheric concen-
In adlition, mice exposed to 300 ppm
showad a shift from a mcnoxponential clearance to a biexponen-
tial cléarance after the twentieth exposure at 300 ppm.

Such a shift is theoretically possible but does not seem to
iave been cbserved previcusly. Mice also showed a “rend to
increasing rates of elimirnation at 300 ppm which is indicative
oI metabolic enzyme induction.

The comparative rates ¢f elimination for these rats and
mice correlates well with the observed hematotoxicity. AKR
mice exhibited a much more severe ‘oxic rezponse to a given
level ¢f benzene than the rats and the rates of elimination
for the mice were faster than the rates observed for rats at
both levels of Lenzene s::died. 1In adéition, at 300 ppm,

AKR mice showed a continuing drop in peripheral cell levels
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up to and beyond 20 exposures and this correlates well wi<h

the increasing rates of elimination chserved for *hese mice

at 300 ppm.

Summary

1. Cytopenic effects of benzene exposure were readily

produced in the animals chosern for study at 300 ppm. At

this level, all animals exhibi+ed peripheral lymphocytepenia
and all of the mice studied exhibited anemia.

Rats, on the

other hand, showed lymphocytecrenia but only a trend toward

anemia. At 100 ppm AKR mice gave evidence of a dose-response

effect in that the lymphocytopenia and anemia were not as

marked as at trhe 300 ppm level. Rats at 100 ppm also showed

252

a dose-responss cytopenic

i
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by exhibiting only non-
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statistically significant trends

2. The pharmacokinetic
between the rate of clearance
cytopenia. This situation is

relationship observed between

to peripneral cell effects.
data shows a direct relationship
cf benzene and benzene-induced

the reverse of the usual

toxicity and clearance rates.

For most toxic compounds, 1 faster clearance rate usually

causes a decrease in administered dose and therefore milder

toxicity.

Our toxicity data sucgest that the faster clearance

rates exhibited by the mice vis a vis the rats may not be a

function of increased respiraticon rates alone but may also

be due to increased metatkolic

greater accumulation of tcoxic metabolites.

rates which would lead to

This view is
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urther supportec by the fact that the clearance ra%tes and
cytotoxicity for AXR mice at 300 ppm appear to increase with

increasing exposure. It would be difficult to ascri
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increasing rates *o increased resviration rates. A more
reascnasle explaration would seem to be metabolic enzyme
induztion with consequent increases in toxic metabolites.

3. All cf the mouse strains studied responded +to the
exposures with granulocyfases. At times, test mice showed
six-fold increases in granulocvie levels vis a vis controls.
Often shifts to immature cell types accompanied these increased
granulocyte levels. For the CD-1 mice, a spectrum of various
stages of granulocyte proliferation was noted. 1In view of
the observed cy:zcpenic effz2cis c¢I benzene on the lymphoid
ané ervythroid ecsll liﬁes, The observed proliferative effect
on the ﬁyeloid cell line seems all the more compelling.

This is especially true in view of the correlation between
benzene exgcsure and myelogenous leukemia in humans.

4. There were three confirmed cazses of myelogenous
leuvkemia among the test animals studied. In view of the
small numbers of animals develoring leukemia, these results
must be considered preliminzry. Although the number of
controls used in these stucdies was relatively small, there
have been, to our knowledge, no reports of spontaneous
myelogenous leukemia in either CD-1 mice or Sprague-Dawley
rats. These three cases of myelogencus leukemia, therefore,

should be considered indicative of a causal relationship
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between cenctene exposure and myelogenous leukemia. Additional

evidence for the carcinogenicity of benzene comes from the
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statistically significant increase in lymphcma among the C-

I . . 6
57 BL mice. Several %newn chemical carcinogens  as well as
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adiation produce a similar response in these mice.
5. The guestion of whether myelogencus leukemia follows
episcées of perigheral cytopenia or arises without noticeable
"preleuxemic"” peripheral cell changes must be considéred as
unanswered. The 2 mice developed leukemia after long episodes
of perigheral anemia and lymphocytopenia whereas the rat
showed peripheral cell counts within normal limits before
presenting signs of myelogenous leukemia. It is possible
that these var:ing responses rasresent species variability

to a given toxic agené or thesy may have been due to varying
individﬁal responses. It 1s obvious that additional work

should be conducted in this area.
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Animal

Sprague-lawley Rat

Sprague-Dawley Rat

AXR Mouse

AXR Mouse

CD~1 Mouse

C-57 Bl Mouse

Number

+3
ty

}—a
®
=

at Risk

45

40

40

60

60

49

50

40

40

40

40

-20-

Calculated>
Exposure Median Survival
Level Time
300 59 weeks
0 73 weeks
100 In progress
0
300 17 weeks
0 47 weeks
100 39 weeks
0 41 weeks
300 31 weeks
0 50 weeks
300 49 weeks
0 83 weeks

* The 50% survival point from least sqguares linear regression
curve of log of survival vs. probability of mortality.
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Tabl= 12
Comparison of Mean EZlimination Rate Constants
Between Rats and Mice Exposed to Benzene Vapor
Exposure
Ceoncentration lst 6th 20th
300 prm km/k = 4,3 km/kr = 4,2 km/kr = 7.0
k_ ., _ k - k
100 ppm m/x_ = 5.3 m/kr = 3.4 m/kr = 5,2
km = mean ra=o u=onstants for miza in reciprocal minutes
k = mean rate constants Ior rzts in reciprocal minutes
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§ UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
3 WASHINGTON, D.C. 20460

Barbara J. Price

Vice President OFFICE OF
Health, Environment & Safety PREV$§;£:£§2SLD§SS AND

Phillips Petroleum Company
Bartlesville, Oklahoma 74004

MAY 0 8 1995

EPA acknowledges the receipt of information submitted by
your organization under Section 8(e) of the Toxic Substances
Control Act (TSCA). For your reference, copies of the first
page(s) of your submission(s) are enclosed and display the Tsca
§8(e) Document Control Number (e.g., B8EHQ-00-0000) assigned by
EPA to your submission(s). Please cite the assiqned 8 €) number
when submitting follow-up or supplemental information and refer
to the reverse side of this page for “EPA Information Requests"

All TSCA 8(e) submissions are placed in the public files
unless confidentiality is claimed according to the procedures
outlined in Part X of EPA's TSCA §8(e) policy statement (43 FR
11110, March 16, 1978). Confidential submissions received
pursuant to the TSCA §8(e) Compliance Audit Program (CAP) should
already contain information supporting confidentiality claims.
This information is required and should be submitted if not done
so previously. To substantiate claims, submit responses to the
questions in the enclosure "Support Information for Confiden-
tiality Claims". This same enclosure is used to support
confidentiality claims for non-CAP submissions.

Please address any further correspondence with the Agency
related to this TSCA 8(e) submission to:

Document Processing Center (7407)

Attn: TSCA Section 8(e) Coordinator
‘Office of Pollution Prevention and Toxics
U.S. Environmental Protection Agency
Washington, D.C. 20460-0001

EPA looks forward to continued cooperation with your
~organization in its ongoing efforts to evaluate and manage
potential risks posed by chemicals to health and the environment.

Sincerely,

//’;hvy Ao o o
Terry R. O'Bryé&n

Enclosure \ 29\63”7’g3/q Risk Analysis Branch
) A

(X) Recycled/Recyciable
% 9 Printad with Soy/Cariola ink on paper that

contains at least 50% recycled fiber




Triage of 8(e) Submissions

Date sent to triage: /Q// / é/’/ ﬁ 6 NON-CAP ’
Submission number: ) 2\ 578 A’ TSCA inventory: @ N D

Study type (circle appropriate):
Group 1 - Dick Clements (1 copy total)
ECO AQUATO
Group 2 - Ernie Falke (1 copy total)
- ATOX SBTOX SEN w/NEUR

Group 3 - Elizabeth Margosches (1 copy each)

Other (FATE, EXPO, MET, etc.):

STOX Pl RTOX GTOX

STOX/ONCO MUNO CYTO NEUR

Notes:

1

THIS IS THE ORIGINAL 8(e) SUBMISSION; PLEASE REFILE AFTER TRIAGE DATABASE ENTRY

For Contractor Use Only

entire document: 0 @ 2 pages _L‘_____ pages?__l,_aﬁ_:&nki

Notes:

Contractor reviewer : L-Jos Date: ?//2’/? f—
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Carcinogenicity in the Sprague Dawley rat is of low concern. Male rats were
exposed via inhalation to 0 or 300 ppm benzene (27 controls and 45 exposed)
for 6 hours/day, 5 days/week for life. Median survival time was decreased in
the exposed rats. Hematological effects were: significant leukopenia due to
selective decreases in lymphocyte levels, and slight anemia. Histopathology
showed significantly increased incidence of hemosiderin pigments in the spleen
and increased incidence of fatty changes of the bone marrow. There was no
evidence of leukemia or lymphomas. An additional experiment was in progress
involving 40 mice/group exposed to O or 100 ppm using the same exposure
protocol as for 300 ppm. Histological analysis at 100 ppm was not complete,
but one treated rat died due to chronic myelogenous leukemia. One treated rat
that had not died also showed evidence of chronic myelogenous leukemia, but
this leukemia had not been observed in any control rats. Although results at
the low concentration were not complete, this study was rated low concern
based on the absence of carcinogenic findings at the high concentration.
However, it is unclear how complete the histopathological analysis was.

Inhalation carcinogenicity in the AKR mouse is of low concern. Groups of 60
male mice were exposed to 0 or 300 ppm for 6 hours/day, 5 days/week for life;
separate testing was conducted with 50 mice/group exposed to 100 ppm and
concurrent controls using the same exposure protocol. Survival time was
markedly reduced at 300 ppm, but not at 100 ppm. No mice survived exposure to
300 ppm for more than 28 weeks, and severe weight loss was observed at this
level. Lymphocytopenia and anemia were observed with concentration-related
severity. The incidence of malignant lymphoma was lower at 300 ppm (2%) than
in the control mice (91%), due to the high background rate in this strain and
the median survival time in the exposed mice being shorter than the time to
the first tumor in the controls. However, cytogenetic analysis showed
increased aneuploidy of bone marrow cells from treated animals. At 100 ppm,
the incidence of malignant lymphoma was comparable in the treated group
(29/49) and the controls (24/50). Noncancer histological effects observed
were increased incidences of hemosiderin pigments in the spleen and bone
marrow hypoplasia at both treatment levels. This study is limited by the
incomplete identification of the organs that underwent histopathological
analysis.

Inhalation carcinogenicity in the C-57 Bl mouse is of medium concern. Groups
of 40 male mice were exposed to 0 or 300 ppm for 6 hours/day, 5 days/week for
life. Median survival time in exposed mice was 49 weeks, versus 83 weeks for
the controls, and the exposed mice showed decreased weight gain compared to
the controls for the duration of the study. Hematological findings in exposed
mice were lymphocytopenia, anemia, granulocytosis, and hypoplastic bone




marrow. Malignant lymphoma was significantly increased in exposed mice (9/40)
versus the controls (2/40). In addition, 13/31 exposed mice showed bone
marrow hyperplasia and 15/31 had spleen hyperplasia, compared with no cases of
bone marrow hyperplasia and 2/38 of spleen hyperplasia in the controls. This
study is limited by the incomplete identification of the organs that underwent
histopathological analysis.

Inhalation carcinogenicity in the CD-1 mouse is not determined, due to
incomplete histological data for the treated group and no reported
histological data for the control group. Groups of 40 male mice were exposed
to 0 or 300 ppm for 6 hours/day, 5 days/week for life. Median survival time
in exposed mice was about 60% that of the controls, and the exposed mice
showed decreased weight gain compared to the controls for the duration of the
study. Hematological findings in exposed mice were lymphocytopenia, anemia,
and granulocytosis. Histological analysis was not complete, but histology was
described for three treated mice, one dying of chronic myelogenous leukemia,
one dying of acute myelogenous leukemia, and one diagnosed as having
granulocytic hyperplasia, which was considered a pre-myelogenous leukemic
state.




